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ITEM:

GEARBOX, ROTARY DRIVE

FONCTION:
REDUNDANT POUWER DRIVE UNIT (PDU) MOTORS DRIVE THROUGH TORQUE LIMITERS AND
THE PLU GEARBCOX TO FROVIDE TORQUE TC THE MANTPULATOR POSITIONING
MECHANISM (MPM) DRIVESHAFT WHICH IN TURN DRIVES THE SHOULDER AND
FORWARD/MID/AFT FEDESTAL ROTARY DRIVE GEARBEOX/DRIVE LINKAGES.

FAILORE MODE:
FAILS FRIE

USE(8):
.zxcrss:vz LOAD, FAILURE/DEFLECTION OF INTERNAL PART, FATIGUE, VIBRATION

EFFECTS ON:
(A} SUBSYSTEM (R) INTERFACES {C}HISSIDH (D) CREW/VEHICLE

(A) THE FATLURE WILL RESULT IN A IOSS OF ASILITY TO POSITION THE AFFECTED
MPM. OPERATICN OF OTHER MPM WILL NOT BE AFFECTED. THE RMS WILL PULL THE
FAILED MPM ALONG BUT THE FAILED MFM WILL NQT EE DRIVEN OVER-CENTER LOCEED
AND POSITION LIMIT SWITCHES WILL NOT INDICATE STOWED/DEPLOYED. IF ANY

:zﬂ&ARE OVER-CENTER LOCKED AT THE TIME OF FAILURE, THE MPM WILL APPEAR TO
AMMED .

(B) FAILURE WILL RESULT IN LOSS OF ABILITY TO POSITION AFFECTED MPM

OVERCENTER LOCKED CAUSING POTENTIAL INTERFERENCE WITH RADIATOR DURING
ENTRY.

(¢) FAILURE WILL RESULT IN POSSIBLE LOS5 OF MISSION DUE TO BLOCKAGE OF

PAYLOAD DEPLOYMENT/RETRIEVAL ENVELOFE OR INABILITY TO DEFLOY REMOTE
MANIPUILATOR SYSTEM ([RMS).
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(D) FAILJRE WILL RESULT IN PRESIBLE LOSS OF CREW/VEHIZLE DUE TO
UNRESTRAINED RMS/MPM MOTION DURING RE~ENTRY.

DISPGSITION & RATIONALE:
{A)DESIGH (B)TEST (C)INSPECTION (D)FAILURE EISTORY (E)}OPERATIONAL USE

A) DESIGH

¢ iETUATDR IS DESIGHNED TO ACCLPT FULL POWER DRIVE UNIT (FDU) QUTPUT WITHCOUT
FAILURE. ULTIMATE LCAD = 1.4 TIMES LIMIT LOAD, GEARBOUXES ARE DESIGNED
T2 FRECLUDE ENTRY OF FOREIGN MATERIALS, LOSS OF LUBRIGAMT AND JAMMING OF
GEARRS. DESIGN OF THE ACTUATION ESYSTEM PERMITS EXTRAVEHICULAR ACTIVITY
(EVA)} CREW TO MANUALLY DRIVE MEM.

B) TEST

¢ éUﬁLIFICLIIGH TESTS: THE ACTUATOR IS CERTIFIED BY CR=29=147=08016-0001%.
QUALIFICATION TESTS INCLUDE: ACCEPTANCE TEST TO CONFIRM ALL REQUIBEMENTS
SPECIFIED ON PARAGRAFH 4.2.2 OF PFROCUREMENT SPEC ARE MET; VIERATION TEST
= 20 TO 2,000 HZ RANGE WITH MAXIMUM OF 1.0 g2/HZ FRCOM 200 TO 400 HZ FOR 5
MINUTES PER AXIS AT LEVEL "A"™ AND 0.6 g2/HZ FROM 200 TO 400 EZ POR 34
MINTTES PER AXIS AT LEVEL "B"; THERMAL CYCLE - THE ACTUATCR IS THERMATLY
CYCLED FIVE TIMES FROM +70 DEG F TO +2330 DEG F TC +220 DEG F TO ~100 DEG
F TO =167 DEG F TC +70 DEG F. [DWELL AT EACH TEMFERATURE WAS AT LEAST 60
MIRUTES AFTER THERMAL STABILTZATION AT EACH =100 DEG F AND +22¢ DEG F,
THE ACTUATOR WAS CYCLED TWICE WITH %0 INCH-LE INDUT: STOPE TEST THE
ACTUATOR OFERATED AT 14.25 RFM AND NO LOAD INTD SIMULATED STRUCTURAL
STQPS 100 TIMES IN EACH DIRECTION: FREEPLAY = THE ACTUATOR MOUNTED IN
TEST FIXTURE WITH THE INPUT SHAFT FIXED WITH A TORQUE OF 100 INCH-LE
APPLIED TO OUTPUT ARM; OPERATING LIFE TEST = THE ACTUATOR CYCLED 1,820
TIMES WITH A 50 INCH-LB INPUT; CERTIFICATION BY ANALYSIS/SIMITARITY -
THESE INCLUDE: FUNGUS, OZONE, PACKAGING, ULTIMATE LOAD/LIMIT LOAD,
TRANSTIENT SHOCK, LANDING SHOSK AND DESIGH SHOCK, THERMAL VACUUM,
HUMIDITY, AND ACCELERATION. THE ACTUATORS WERE SURTECTED TO SYSTEM
QUALIFICATION TESTS PER MANIPULATOR FOSITIONING MECHANISM INSTALLATION
v0a2=-000002 (REF CR-44=000002-001E}. . '

ACCEPTANCE TESTS: ACCEPTANCE TESTS INCLIDE: EXAMINATION OF PROOUST -
WEIGHT, WORKMANSHIF, DIMENSIONS, CONSTRUCTION, CLEANLINESS, FINISH,
IDENTIFICATIOR MARKING, TRACEABILITY, AND USE OF APPROVED MATERTALS AND
PPOCESS; NO~LOAD DRIVING TEST - THE INPUT DRIVE SHAFT ROTATED SLOWLY TO
DRIVE THE ACTUATOR THROUGH ITS FULL TRAVEL AND RETURN WITH NO LOAD ON THE
CUTFUT. THE PEAX TORQUE DID NOT EXCEED 2.0 INCH-LE. FREEPLAY TEST -

SEE QUALIFICATION TEST ABOVE: LOAD TEST - THE ROTARY ACTUATOR CYCLED 10
TIMES WITH & 75 INCH-LE INFOT; EFFICIENCY TEST - THE ACTUATOR WAS MOUNTED
IN A TEST FIXTURE AND CYCLED 3 TIMEE AGAINST A 500 INCH-LE LOAD.
EFFICIENCY WAS CALCULATED WITH INPUT AND OUTBEUT TORQUE MEASURFMENTS
{INPUT TORQUE DID NOT EXCEED 17.1 INCH-LB) .

OMRED: GROUND TURKAROUND INCLUDES MFM DEPLOY {(SYSTEMS 1 AND 2} AND
MPM STOW [SYETEMS 1 AND 2] .



SHUTTLE CRITICAL ITEMS LIST =~ CRBITER

SUBSYSTEM :P/L RETEN & DEPLOY-MPM DEPLAY FMEA NO 62-5B-PU03-2 REV:04/05/§6 .
(C} INSFECTION '

RECETVING INSPECTION
MATERIALS CERTIFICATIONS ARE VERIFIED BY INSPECTION. ALL BURCHASED FARTS
DATA PACKAGES INSPECTED BY RECETVING INEPECTION.

CONTAMTNATION CONTROL

SUFFLYER CONTAMINATION CONTRCL AND CORRQSION PROTECTION PROVISICNS
YVERIFIED BY INSFECTION. CLEANLINESS FPER SFECITFICATIQN To LEVEL 300 OF
MAOGL10-301 VERIFIED EBY INSPECTION.

ASSEMRLY /INSTALIATION

ALT. MACHINED PARTS ARE DEBURRED AND VERIFIED PER DRAWING REQUITREMENTS.
INSTATIATION PROCEDURE VERITIED BY INSPECTYON. DEFENSE CUONTRACT
ADMINISTRATION SERVICES (DCAS) MANDATORY INSFECTION POINTS [MIPs) IMPOSED
ON MANUFACTURING, INSTALIATION, AND ASSEMBLY OF ACTUATORS. ROCHWELL
HARDNESS VERIFIED ON GEARS. BEARRING LOBRICATION AND SEAL INSTALIATION
¥ERIFIED BY INSFECTIOH. GEARS ARE SHOT PEENED TO PRECIUDE FATIGUE-

RONDESTRUCITIVE EVALOATIOR
MAGNETIC PARTICLE INSFECTION 15 VERIFIED BY INSPECTICH AT THE DETAIL
LEVEL.

CRITICAL PROCESSES
HEAT TREATING IS VERIFIED BY INSPECTION.

TESTING
ATF 15 OBSERVED AND VERIFIED PER PROCEDURE.

HANDLTHG/PACKAGTHG

PARTS ARE PACHAGED FER AFPLICARLE SPECIFICATION AND VERIFIED BY
INSPECTICON.

(D) FAILURE HISTORY
THERE HAVE BEEN MO ACCEPTANCE TEEST, QUALIFICATION TEST, FIELD OR FLIGHT
FAILURES ASSOCIATED WITH THIS FAILURE MCGDE.

(E) OFERATIOMNAT. UOSE . .
ANY/RLYT, MPM MAY EE JETTISONED IF HREQUIRED FOR ENTRY.
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